
. 
0 

SEW - ANNUAL STATUS REPORT - NsG 362 

1 September 1963 t o  1 Februarv 1964 

t 



GEORGETOWN COLLEGE OBSERVATORY 
GEORGETOWN UNIVERSTTY 

WASHPM;TON, Do C, 

SEMI 0 ANMJAL STATUS REPORT NO, 2 ON SPECTROSCOPIC 

STUDY OF hLAR AND PLANETARY ATMQSPHERES 
c-p 

WORK DONE UNDER NASA GRANT 

NIG - 362 

PREPARED BY: 

Francis J o  Heyden* SeJo 
Director 

I 



GEORGETOWN UNIVERSITY 
DEPARTMENT OF ASTRONOMY 

WASHLNGTOPJ 7, D, G 

SEM-ANNUAL STATUS REPORT NO, 2 T-0 THE NATIQNAL 
__I 

AERONAUTlCS AND SPACE AD-MWISTRAT-, ON 

fgSPECTROSCOPIC STUDY OF SOLAR AND PLANETART ATMOSPHERES" 

NAME AND ADDRESS OF INSTITUTION: GEORGETOWN UNIVERSITY 
WASHINGTON P ,  ZkC, 

PROJECT DIRECTOR : D r 6  Francis 3, Heyden, S,J. 

ASSISTANT SCIENTIFIC DKRECTOR: Dr. Carl C. K i e s s  

I. Work Done : During the paxiad covered in -6 reporfs the major 
part of the work wab in refining the method of obscrvatiam and an- 
alysis Q€ the data, fn generalp this was dona in order to ptcrent our 
fiadiage in the beet available manner. fn some inetanee6 this necasui- 
tatsd ehangeo in the method or even a completely Merant attack, 
Hawevere we feel that the8e refinements were necsssery and impor- 
taat to the iweatigation and would have to be done to preesnt the find- 
i n g ~  in au acceptable ~ ~ B P I L ~ T ~  

The three area. of reuearch ate principally the rama. The 5rst 
invoE8-6. the preparation of the sbulated Martian Atmosphere, The 
second ir a rtudy of the spect+tun of Jupiter from high diapersion 
plateu, Theas plates were taken on the Georgetown mpeetrograph with 
the aid of the twenty-three and one half inch h t  ! corrected to 1/4 to 
1/8 wave length, The third i 8  concerned with the observation of planets 
at every available opportunity along with apectrum analyoia, i,e. plate 
reduetion and a1dpi6  of data; 

Area le Laboratory Sp ectra .. Simulated Martian Atmosphere. ' 

Thfs phase of the investigation remained the mame accept for a more 
detailed study in ea& data group. T h i m  study i n  scheduled into the 
following parts or *'data groupm," 

1. Spectrograms of molecular bands of NO in white light in 
the regione from 3500 A to 6500 A and t h d  identifkatfon, . e 
These plates are taken udng the black-body ab source for a 
temperature of Oo C at 2.7 mm abmo~pharert. I -  : . . 



Six apectra are on each plate: 

a 1 black-body spectrum 
b) four absorption rpectra of differing wtporaae timer 
cf: iron reference epsctrtam 

-. 

A comparison of theme spectra facilitates the study of strong 
and weak ban&. 

2, Spectrogrunr of the SWL Platem are bisjporse..f: aria the 
sun as the mouTce izmtead of the black-body a8 in group No, 
1 aboveo 

These intensity sltarulard. aru put on ell of a s  plate. in this 
irive89iptiolr, The 6ourcc i r  the black-body and the varying 
inteaattiem are accompti*bed by mounting a rreeox *eel st 
the dit* Thum a]u of the ptatee may be reduced to the same 
backgrouad or 8ta&rd by which intexuity can be determined 
for eacb desired wave length, 

4, Microphotometric tracing8 of the vaViaub spectra in each 
group. These tracing. are made with a nartow elit and tbc 
highest variation peak to zero allowed by the width of the 
chart, The chart is sa9 on the maximum available s p e d ,  
This arrangement allow. for maximum area d e r  the curve 
or trace, 
factor in thar method of aaalysisn 

Thio feature in miaimking error is an eeoeatial 

5, Mer6wement of all band bead. srnd distbguhhing fertxires, 
with telereadex psojecctioa type meamring engine correlate8 
mfcrophotomstot tradngs with kaoarn mtandard. and wave length6.- 

6, Tho determination of the thrrahold or m$nimum will bb itaed 
for verification of Nitrogen Baeds in planetary spectrogrune, 

7. A study in cornpariron betweea Martian spectral data and 
the Laboratory NOt data. 



F'€garer 1 and 2 are elP.nrnples of the microphobmetric tracings 
ahawing an abaorpaon region of NO for varying pathlengthr. It 
ehould be noted that for constant T &e intensity of absorption be- 
co~ae8 more pronounced with incrsaaed pressure in the tube. This 
study is in progreB8. Each band w i l l  be traced and identified in 
W e  r n a ~ a r .  
detection or it0 thre8hold. 

There dl80 map be meen the lower limit for tbi8 baad 

Prevtcmoly the method of analysis to preoeat a quantitative pic- 
ture of intensities of abrorptbn by NO in the taboratory was as 

2 
fOUOW8: 

1) A blackbody comparison tracing i o  superlmpored on a black- 
body plor, NO tracing, and the former is traced accurately in 
pencil upon tka latter. 2) A ruler i8 rlid along the chart, and the 
linear difference between (blackbody plw NO and (blackbody 
alone) ie noted and graphad, at random arave&ngt&s with an 
interval of aboot one Angrrtrom per point. 3) Each (blackbody 
plus NOZ) n3nuo (blackbody alone) curve ir transposed to a boad paper 
in 50 Angstrom 8eegmrots. 4) The total pathlength for each 50 
Angatrom re&on ir listed in Table 1. Some regiona w i l l  have more 
curvea than atburrs dcpeadiag on availability of good data in ths 
particular rsgioa. 5) A d e r  18 olid dong tba wavelsogth scale, 
rod the intensity of abtmrption i o  determined on an arbitrary scale 
in a &-ward ctirectioa, for each curve, at each wavelength from 
4,250 A to 4,700 A (Angstrom by Ang*trom), and every iecopd 
wavelength (every two Aagrtromr) i r r  noted for the ragion 4,700 A 
to 5,100 A. A l l  intemitiem at a given wavelength for a l l   curve^ 

are added to get a total intenuity y 69 Each iateasity is normal- 
ized to a r r d e  from zero to ten, & 8rnallest abrorptfon in a 50 A 
region being sero and the largeet ab8orptfon in the 50A region being 
tu& The formula for determining them valtsee io: 

= the a u m  of aboorptiom inteneitiea of an arbitrary e d e  
at wavelength k. % 

YM 

y m  

where: 

= the sum of absorption intcnsitise on the same arbitrary 
ecale at the wavelength of maximum absorption in the 
given 50 A region. 

= the sum of abaorptioa intendtiem on the same arbitrary 
scale at the wavelength of minimum absorption in the 
given 50 A region. 



= value of the absorption inteasitg at waveiengfh X aarrnaMzsd 
toa scale of O - 10 far the 50 A region, % 

Thio method tr adequate brat mantfestr some dlf€ic~ties, It is time 
con8Pmfng and is prone to p e r a d  error irr the point for pikt plot. 
The cons9rrrctiozr of the colcve ia a somewhat qrr&stionrble methad in 
the analyrrie9 Tba primary objectfan is that tbe information obtained 
in each erpectraf range is Limfiled to that relion, That ia the interuritier 
of one region or band can not be compared with aay othr range. Thw 
we felt that a more precise and flexibh anrlymis shuPld be made, 

The aaalyeir in ptogrera utiiises the Telereadex and E 101 camputer 
thereby dbainatbg all thu arrfiooocl hand work fn geneml8 micrupb 

ject6d on th. rnoamrkq table, The are8 ia  mrgniffed five thn0. The 
rt, y coordl-• of each profile are recorded on tape by tbe fiemwriter. 
There &%pea a m  ran OQS the E which b o  been programmed to deter- 
mine the area under the cprve.by bJpmcrical Integration, Tberofore this 
area ia  proportianal to the namber of trsnettiosu c i t  8brorpttoa 
This wi l l  allowa d e r  Cribration of the psOts, a direct caqpariaoa with 
any regipla ef tb4 mpectr~m, AMfysia of the pt'eyiow m e w  may be 
emen ia figrosr6 3 where tba NOz Lab CIvIte oa the bot@zn resemble8 the 
Mars-Mctos graph. However, the me* method wi l l  be mete revelliag since 
it is a direct metbod aad thua more memdagfd,, 

Therefore in this area we are dire- OIUL. efforts to obtaining &to 

. tometer tracing d tho Butd regiae im placed om the Talereadex red pro- 

for area d y 6 f g *  

P Ar- 2, Spectmmr of Jupiter from High Msperaiaa Ptrtea.  

t a K e s  DL ~uprwr.8  apecwwu. &a& 8et coxmist8 of a lO3aO and 8 103aD 
plate, The region covered exteadm from 3200 A to 6000 A. In general 
the planetary epectrum m e  not visible below 3900 A. The spectrum 
of the moon or run waa taken on each plate far cumpariaon pwrpoaea, 
Fourteen observation8 were ma& of Venorr. Sets of 103aO and 103rD 
plate0 were umsd for ten of them rad f a r  ured 10311 plate. with longer 
exposures to obtain the rrpectram farther iato the ultra-violet. 

All obscsrvatioas were ma& at Georgstaa a College Ob8erratory with 
the high diapcreion spectrograph located appro%imatsly fifty yard8 east 
of the main obaervotory. A 15; 000 Uno per fnch ortgiaal Wood e m e v e  
grating waa wed in a Wad6worth mounthg. D i o p e r a i w k ~ + f i r e  r n g -  
etrams per millimeter. A #lit width of fifty microns was used for 
wtpoourer -cept the 1a.t one of Jupiter when one n&cird microno 1 ~ ~ 8  
wed. 

The aaalysis of the platem has thuu far been confined to the 103aD 
plates of Jupiter0 Microdensitometer tradXttg8 were made of many 
of the plates and the tradage analysed for differences between the 
planetary and solar spectra. 
and band strncws using the projection type measuring engine, 

. \ Twenty-four seta *of # a ~ s r  &ere 

The plates are examined for band head8 



The differences are obtaimd by plotting mean paltree of the micro- 
densitometer trsdngmo planetary and salat ,  at some iatard (4 A, 
here) and then platting aeir dAffurence, point by poiat, Figure 1 
#how. a portion of two tracings and figure 2 rhowe a 4 A plot of 
trrro entire tracings and thsir difference. Those differences wMch 
appear repeatedly are emunid forthsr by making new tracings 
using a Ugh.* &art speed, ibps affordljlg a more accurate tracing 
of the region, See figure 3, TMrr type of analyris rrhowr six mew 
weak abaorptloa foabres in the 5000 A, to 4000 A region. A180 ueea 
are two prdoruly identified mcthnrre bands. 

ad methane bmd.. No identification h a m  been mode of the remaining 
two. 
due to e ~ x n e t l h g  alre 8ince the vibrational transition involved if 
it were methame ir a weale one. 

observed feature., The 103a0 plate8 have to be analyssd a+ well a# 
the V e n w  plates. 

Four of theme absorption feature8 have been tentatively identified 

One of than cohoddea with a mathrune band but it i8 prabably 

Further study i m  needed to make a poritive identification of the 

Abmorptioa Featorerr in the 5000 A. - 6000 A b  Region 

Wavelength Identification * IZbm8rk6 

5980 A - 5880 A. CH 5950 A, (5v3+ vl) PrsvQously detected 
in Saturn, Uranw and 
Mepttiae.  

584Q A, - 5800 A. CH 5840 A, (7V3'V4) P r d o w l y  detected 
in Uranum and Neptune, 

5760 A, - 15700 A, CW 5760 A, {6v3+v4) Previowly detected, 

5680 A, - 5630 A, CH 5680 A, (6v3+v2) PrevioPsly detected io 
Urraaw and Neptune, 

Possibly CH 5570 A, 

Previously detected, 

5540 A, - 5490 A. 1 

5440 A. - 5360 A. 

:12 v4+ v3) 

CH 5430 A. (?v,) 

5340 A, - 5300 A. 3 POS8ibly CH 5340 A, 
QlS vs) 

5250 A, - 5100 A, CH 5210 A, d6v3+v1) Previorrely detected in 
Neptune, A l ~ o  maybe 
5190 A, ( and 
general falloff OD violet 
region of spectrum, 

* Idenaficatifne - are in tar38 of the four fa-pmental v ibrat iy l  - frequendes, 
v = 2915 sm, vz= l S E O c m ,  v = 3020 cm. v4= 1306 cm. From A d d  
and SZipbro Phydcal Revicar, b3& 46, 240. 
I 



- Area 3, Spectrogramr of Ventrrs and Jupiter are being reduced The same 
type of a d y a i s  am in Area one in  being used. Another feature h e  we ~ i 8 b  
to determine in whetbcs thme fa a faU off in in-nsity in V ~ ~ ~ O X X S  re@ons of 
the 8pectrum duo to abrrorprfon. At every avaflablle opportonity obesrvat&one 
are being performed oa the ,near planets: VCZLUE, Mare and Jupiter. Mr, 
Robert Mtxrphy d r  the CflrecHaa of €'ather Heyden and Br. Cap1 KLees 
is car- oat tMa phase of the grant. 

Dr. Carl C, luesi, AIIhtant  Project Director 

Gra&late M e a t s :  
Brian O'Leary 
M.A. Jam.Mdipaor 
R e a  Ardabili 
Margaret Jaeoby 
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